Introduction
Radiation is widely utilized in the fields of radiation processing, radiometric analysis, food hygiene and medical treatment. However, many people have a subconscious fear that it is harmful to the human body and the environment because it is impossible to perceive high energy radiation with the five senses. If radiation can be made visible through coloration, it could be used more easily and safely. Dosimeters using leuco crystal violet (LCV; 1) as a colorant were studied by a number of investigators [1] . Stolz and Prokert reported a radiation dosimeter using polystyrene films containing 1 and nonvolatile halocarbons such as carbon tetrabromide (3), hexachloroethane and hexachlorohexane [2] . In many cases, the systems contain halocarbons, and the components were used not only as a sensitizer but also as a solvent. However, the halocarbons must be limited to a very small amount or replaced by other nontoxic compounds with the same performance because of their toxicity and tendency to damage the environment. MacLachian studied the photo coloration of an ethanol solution of 1 x 10'3 M carbon tetrachloride (4) and 2 x 10~ M loeuco ethyl crystal violet, and the color quantum yield of the system was 1.09 [3] . In the concentration, it would be also possible for halocarbons to act as a sensitizer upon y -ray irradiation.
In this article, we reported the coloring of solutions containing a small amount of halocarbons and 1 upon y -ray irradiation.
LCV (1) was purified by recrystallization from methanol. Carbon tetrachloride (4), tetrahydrofuran, acetonitrile and toluene were purified by distillation in the conventional manner. Carbon tetrabromide (3) (>99%), iodoform (2) (>99%), 2,2,2-trifluoroethanol (5) (>99%) and 2-propanol of ultraviolet (UV) spectroscopic measurement grade were used without further purification.
Solutions were prepared by dissolving 1 and halocarbons in 2-propanol in a concentration of 1 x 10'3 M. The solution of 10 ml was placed in a test tube of 10 mm diameter and irradiated with 60Co y -ray of the exposure dose in the range from 0 to 500 Gy. The UV spectrum was measured using a Shimadzu UV spectrophotometer UV-2500PC using quartz cell of 50 mm height, 10 mm width and 10 mm length.
Results and Discussion
We are aware that some photoacid generators are sensitive to y -rays. In order to determine whether a photoacid generator can be used for the system including 1, we attempted the color development by the addition of p-toluene sulfomc acid to 2-propanol solution of 1. However, coloration by the addition of the acid to the solution was too time-consuming to be suited for use in the dosimeter.
Preparation of the solutions of 1 and halocarbons was carried out by using solvents such as toluene, acetonitrile and tetrahydrofuran at a 1 x 10'3 M concentration of each component.
However, in spite of the fact that the solutions 2. Method J. Photopolym. Sci. Technol., Vol.14, No. 2, 2001 were stored in a dark place, coloration was observed. This is attributed to the chain reaction of halocarbons in the solvent. The reaction occurred as a result of the exposure to the UV from the surrounding light in the laboratory when the solutions are prepared. Coloration of the 2-propanol solution of 1 and 3 prepared in the same manner was not observed even after 5 months storage in a dark place.
The y -ray irradiation was carried out using 2-propanol solutions of 1 and halocarbons of 2, 3, 4 or 5 at a 1 x 10"3 M concentration of each component. Figure 1 shows the change of the UV spectrum in which the solution of 1 and 3 was irradiated with y -rays over an exposure dose range of O to 500 Cry. The blue-colored solution which was obtained upon the y -ray irradiation exhibited an absorbance peak at 589 urn ( ~. ,sax). The absorbance increased with increasing the yray exposure dose, and rose to 2.20 at 500 Gy. Figure 2 depicts the change of the absorbance when the y -ray irradiation was also carried out on the 2-propanol solutions of 1 and halocarbons 2, 3, 4, or 5. As a result, the solutions of 1 and 2, 3 or 4 exhibited a color change at a 5 Gy exposure dose. The intensities of the absorbance increased linearly with the exposure dose upon y -ray irradiation. It was found that the three straight lines have the same slope.
Coloration of the solution of 1 and 5 is also evident upon the y -ray irradiation.
However, it was recognized that the rate of the blue coloration of 1 and 5 was lower than that of the solutions containing 1 and 2,3 or 4. The reason why the halocarbon of 5 is more stable against the y -ray energy than halocarbons of 2,3 or 4, is due to the high bond energy of F-C.
Conclusion
Coloration of the solutions of 1 and 2, 3, 4 or 5 was observed upon y -ray irradiation. The solutions of 1 and 2, 3, or 4 exhibited the higher sensitivity to y -ray than that of 1 and 5. The solutions of 1 and 2, 3 or 4 exhibited a color change at a 5 Gy of the exposure dose.
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